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mhe 17th Annual Scientific Sessions of the American
ociety of Echocardiography (ASE), Baltimore, Maryland,
une 3–7, 2006, focused on the comprehensive evaluation of
he cardiovascular patient and were the forum for presen-
ation of the latest advances in ultrasound techniques that
re essential to patient diagnosis and management. This
ighly successful 5-day conference, which attracted more
han 3,000 attendees and a record number of faculty from all
ver the world, was chaired by Dr. William A. Zoghbi.
mong the highlights of the conference was the Edler
ecture, named for the father of echocardiography, given by
SE president Dr. Bijoy Khandheria and entitled “Back to
he Future.” The lecture showcased the evolution of ultra-
ound techniques over the years and glimpsed into its future.
nother highlight was Dr. Jonathan Lindner’s presentation
f the Harvey Feigenbaum Lecture, “Thinking Big, Look-
ng Small: Diagnostic Opportunities by Echo Imaging of
he Molecular Basis of Disease,” which recognized young
aculty with significant contributions to the field of
chocardiography.
OUNG INVESTIGATOR AWARD COMPETITION
he Young Investigator Competition features meritorious
esearch from young investigators at the annual scientific
essions. Among the 4 finalists who competed, Dr. Josef
orinek from the Mayo Clinic was the winner for his work
n segmental strain during acute myocardial ischemia (1).
is group demonstrated that quantitative strain with echo-
ardiography closely reflects changes in high-energy phos-
hate metabolism seen during acute myocardial ischemia.
yocardial biopsies were obtained from control and isch-
mic regions for measuring the ratio of adenosine tri- to
iphosphate (ATP/ADP ratio). A mathematical model
ased on dyskinesis strain, post-systolic strain was validated
From the *Methodist DeBakey Heart Center, Houston, Texas; †University of
hicago Medical Center, Chicago, Illinois; ‡University of California-Irvine Med-
cal Center, Orange, California; §Washington Hospital Center, Washington,
C; Mt. Sinai Medical Center, New York, New York; ¶John Hopkins Hospital
chool of Medicine, Baltimore, Maryland; and the #Division of Cardiovasculart
edicine, Mayo Clinic, Rochester, Minnesota.
Manuscript received August 8, 2006, accepted August 17, 2006.nd prospectively shown to accurately predict the ATP/
DP ratio. This study provided, for the first time, a
athematical method for noninvasive estimation of energy
eserves of acutely ischemic myocardium, which may be
seful for optimizing therapeutic interventions during acute
oronary syndromes. Two of the other finalists demon-
trated the utility of tissue Doppler in evaluating cardiac
isease states. Dr. Kalpana Prakasa (2) showed that tissue
oppler and strain was superior to conventional echocardi-
graphy in diagnosing arrhythmogenic right ventricular
ysplasia. Dr. Sanjiv Shah (3) used tissue Doppler as well as
itral inflow parameters to evaluate the physiology of the
hird heart sound in diastolic dysfunction. The most impor-
ant determinants of S3 were found to be an increased
eceleration rate of early mitral inflow, elevated filling
ressures, and abnormal ventricular relaxation measured by
issue Doppler. Dr. Nozomi Watanabe (4), using novel
oftware to analyze 3-dimensional (3D) volumetric images,
emonstrated that dynamic changes of papillary muscle
osition occur during the treatment of heart failure. These
hanges resulted in reduction of tenting of the mitral valve
hich was associated with the observed improvement in
unctional mitral regurgitation after therapy.
CHOCARDIOGRAPHY IN EVALUATION
F SYSTOLIC AND DIASTOLIC FUNCTION
yocardial mechanics and systolic function. Echocar-
iographic advances in tissue Doppler and speckle tracking
echnology have recently allowed the imaging and measure-
ent of circumferential, radial, and torsional myocardial
echanics. Speckle tracking algorithms have provided a
ethod to study myocardial mechanics comprehensively in
ealth and disease. At the scientific sessions, Goto et al. (5)
howed that left ventricular (LV) untwisting velocity is
ecreased in patients with LV hypertrophy secondary to
ystemic hypertension. The untwist velocity was even lower
n patients with hypertrophic cardiomyopathy. Mizuguchi
t al. (6) expanded the potential application of myocardial
echanics to evaluate ventriculoarterial coupling by inves-igating the relationship between early diastolic radial strain
a
n
r
D
p
a
r
a
c
e
a
t
a
p
o
s
D
D
h
t
O
h
h
e
m
B
s
B
fi
w
l
w
s
(
t
s
p
t
n
D
o
e
E
t
m
m
L
b
d
(
p
c
t
a
w
m
o
d
p
t
w
s
R
I
p
c
f
D
c
a
t
d
a
t
h
b
r
a
w
p
t
t
p
p
C
g
c
d
p
o
c
f
p
t
l
s
m
a
1881JACC Vol. 48, No. 9, 2006 Zoghbi et al.
November 7, 2006:1880–5 ASE 2006 Meeting Highlightsnd vascular stiffness in the carotid arteries. Vascular stiff-
ess parameters showed dependency on early diastolic strain
ate and was independent of age and all other spectral
oppler indexes of diastolic function. Other investigators
resented data which showed that 2-dimensional strain
nalysis of the myocardium was an excellent tool to detect
egional myocardial ischemia, transmural extent of necrosis,
nd extent of myocardial scar (7–9). Another exciting appli-
ation of myocardial mechanics was demonstrated by Uranishi
t al. (10). Persistent abnormal post-systolic strain was seen
fter brief ischemia although peak systolic strain had re-
urned to normal, suggesting that post-systolic strain may be
n avenue for ischemic memory imaging by echocardiogra-
hy (10). The same group also demonstrated that imaging
f cardiac perfusion and mechanics was possible with
peckle tracking methods and was superior to the tissue
oppler approach (11,12).
oppler indexes and role of B-type natriuretic peptide in
eart failure. Echocardiography has an established role in
he diagnosis, classification and prognosis of heart failure.
n the other hand, B-type natriuretic peptide (BNP) has
ad an increasing role in the diagnosis and prognosis of
eart failure. Symposia and original research at the meeting
mphasized that Doppler indexes of diastolic function are
ore sensitive to changes in filling pressure compared with
NP, the latter relating more to overall cardiac function,
tructure, and filling pressures among other factors. Dal-
ianco et al. (13) examined BNP levels and indexes of LV
lling pressures by Doppler echocardiography in patients
ith first-time pulmonary edema. The BNP levels were
ower in patients with preserved systolic function compared
ith those with depressed function. However, filling pres-
ure estimates by mitral-to-tissue Doppler velocity ratio
E/E=) was comparably elevated. The authors concluded
hat a lower BNP level in heart failure with preserved
ystolic function is not necessarily indicative of lower filling
ressures. Burjonroppa et al. (14) extended this observation
o patients with elevated BNP of 1,000 pg/ml. There was
o correlation of the elevated BNP levels with any of the
oppler parameters of filling pressure, left atrial or LV size,
r ejection fraction (EF). Furthermore, BNP was markedly
levated in a subgroup of patients with sepsis, with normal
Abbreviations and Acronyms
ATP/ADP ratio  adenosine tri- to diphosphate ratio
BNP  B-type natriuretic peptide
CRT  cardiac resynchronization therapy
EF  ejection fraction
LA  left atrial
LV  left ventricular
MR  mitral regurgitation
PSLeX  polymeric sialyl LewisX
RT3DE  real-time 3-dimensional
echocardiographyF, and without evidence of volume overload, emphasizing dhe need to combine imaging data with BNP in manage-
ent of patients with comorbidities where BNP elevation
ay be nonspecific.
eft atrial size and outcomes. Left atrial (LA) size has
een shown recently to be a sensitive indicator of diastolic
ysfunction. Work by Penafiel et al. (15) and Ristow et al.
16) corroborated these observations and demonstrated the
ower of LA size in predicting exercise capacity and
ardiovascular outcome. The incremental value of LA an-
eroposterior dimension to that of the presence of coronary
rtery disease by electron beam computerized tomography
as examined by Osranek et al. (17) in 1,004 patients. On
ultivariable Cox regression analysis, LA dimension, cor-
nary calcification, and age were the only significant pre-
ictors of death. This study shows the important prognostic
ower of simple echocardiographic measurements in rela-
ively low-risk populations and raises the question of
hether measurement of LA volumes may result in even
uperior prediction models of cardiovascular outcome.
estrictive cardiomyopathy and constrictive pericarditis.
maging of myocardial function by tissue Doppler can
rovide new insights into cardiac function in patients with
onstrictive pericarditis. In one study, systolic and diastolic
unction of the interventricular septum were noted by strain
oppler echocardiography to be normal in patients with
onstriction but abnormally reduced in those with cardiac
myloidosis (18). In addition, some patients with constric-
ion were noted to have abnormal septal motion after early
iastole, which was not present in patients with cardiac
myloidosis. The clinical application of these new observa-
ions awaits their comparison with established and time-
onored criteria for the diagnosis of constrictive pericarditis
ut may be useful in equivocal cases where there is minimal
espiratory variation in mitral inflow and annular velocity is
t low normal values. Finally, in an initial report in patients
ith systemic amyloidosis, BNP was increased in 24% of 73
atients with LV wall thickness 12 mm (19). Although
his may suggest early cardiac involvement, follow up of
hese patients is essential to determine whether BNP, and
otentially tissue Doppler imaging, will have a role in
redicting preclinical disease in this population.
ardiac resynchronization therapy. Evaluation of re-
ional function with tissue Doppler or speckle tracking is
urrently an integral part of the assessment of cardiac
yssynchrony. Original research presented at the meeting
rovided additional refinement of this role. The importance
f radial assessment of dyssynchrony compared with the
onventional longitudinal evaluation was highlighted by a
ew investigations. Suffoletto et al. (20) showed that im-
rovement in radial synchrony after cardiac resynchroniza-
ion therapy (CRT) by speckle tracking was associated with
ongitudinal synchrony and with greater improvement in
troke volume than when radial synchrony was not opti-
ized. The work by Seo et al. (21) demonstrated that
ssessment of radial dynamics is superior to longitudinal
yssynchrony in predicting the hemodynamic outcome after
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ASE 2006 Meeting Highlights November 7, 2006:1880–5RT. The greatest increase in cardiac output and dP/dt was
een in those with the most marked radial dyssynchrony.
Patients with segmental paradoxical regional expansion,
ssessed by strain imaging had a greater acute response to
RT as measured by changes in EF and decrease in LV
nd-systolic volume compared with those without paradoxic
xpansion (22). These data add to the growing body of
chocardiographic parameters which continue to refine and
mprove outcomes in CRT. Cannesson et al. (23) presented
ata which advance the case that LVEF—a criterion for
electing patients for CRT—can be measured reproducibly
y a unique automated system based on artificial intelli-
ence. The method is able to recognize endocardial borders
nd calculate LV biplane volumes and EF with no user
nteraction. It improved reproducibility of readers, particu-
arly novice readers (23).
A clinically useful byproduct of 3D echocardiography and
ts quantification of regional LV wall motion is the ability to
easure the temporal aspects of regional endocardial sys-
olic contraction. This methodology has been used in CRT
espite its relatively low temporal resolution. The standard
eviation of the regional ejection times (interval between the
wave and the peak systolic endocardial motion) has been
sed as an index of myocardial synchrony. This approach
as used by Saloux et al. (24) to identify patients with LV
echanical dyssynchrony. An acceptable correlation was
eported by the authors comparing traditional strain rate
ndexes of LV dyssynchrony with that of real-time 3D.
addukuri et al. (25) described the acute and long-term
ffect of CRT on LA volumes in patients with advanced
eart failure. The LA volumes were measured by 3D at
aseline and 48 h and 2 months after CRT. This study
emonstrated that in patients with advanced heart failure,
RT results in an acute and persistent reduction in LA
olumes.
The presence and clinical impact of systolic dyssynchrony
n patients with systolic heart failure is now well established.
owever, there is little information on the presence of
yssynchrony in other patient groups. In one study using
issue Doppler imaging, patients with aortic regurgitation
nd diastolic dysfunction (both groups with normal EF) had
high prevalence of dyssynchrony which was similar to that
f patients with LV systolic dysfunction and depressed EF
26). Similarly, using tissue Doppler imaging and echocar-
iographic phase imaging, dyssynchrony was observed in
atients with type II diabetes mellitus and normal EF (27).
he impact of mechanical dyssynchrony on cardiac function
nd clinical events has yet to be determined in these groups.
owever, pending functional correlates, these observations
uggest similar pathophysiologic roles of mechanical dys-
ynchrony in patients with and without depressed EF.
TRESS AND CONTRAST ECHOCARDIOGRAPHY
tress echocardiography. As stress echocardiography con-
inues to mature, the prognostic value of this diagnostic tool aecomes more evident. This year’s scientific sessions ex-
anded our ability to use the strength of a positive or
egative stress echocardiogram in high-risk populations,
uch as patients with diabetes or with chronic kidney
isease. Wejner-Mik et al. (28) from Poland studied over
00 diabetics with pharmacologic stress echocardiograms
nd followed them for over 4 years. Diabetes and positive
tress echocardiogram were independent predictors of car-
iac events (relative risk [RR] 2.7 for diabetes, p 0.04; RR
.8 for stress echocardiography, p  0.005). Tita et al. (29)
rom Henry Ford Hospital in Detroit demonstrated the
tility of stress echocardiography in patients with chronic
enal disease. In a study of over 500 patients evaluated for
enal transplantation and followed for almost 3 years, a
egative stress echo was extremely good in predicting
vent-free survival, with a 95% specificity and a 96%
egative predictive value.
ontrast echocardiography. The importance of contrast
uring stress echocardiography in enhancing endocardial
isualization is well recognized. Moir et al. (30) from the
ayo Clinic documented its use and importance in a retro-
pective review of over 21,000 patients. In this large cohort,
ontrast was used in 21% (n  4,645) of patients who had
uboptimal image quality without contrast. Of the 1,460
atients referred for angiography, there was no difference in
arameters of test accuracy between the contrast and non-
ontrast groups, further demonstrating that contrast can
alvage a suboptimal echocardiogram during a stress test.
Although contrast has an established role in contempo-
ary rest and stress echocardiography to enhance endocardial
order detection, it also has emerging roles in myocardial
erfusion, targeted imaging, and targeted therapy. Nano-
echnology has advanced the characteristics of novel micro-
ubbles to allow imaging of specific biologic activities. An
xample of this work is from Cho et al. (31) at the
niversity of Virginia, who demonstrated molecular imag-
ng of vascular inflammation by using polymeric sialyl
ewisX (PSLeX), a ligand for microbubble targeting. In a
urine model, they showed that PSLeX-targeted micro-
ubbles attached specifically and effectively to small vessels
n inflamed hind limb of the mouse and that these targeted
icrobubbles were successfully imaged with echocardiogra-
hy. Work by Marsh et al. (32) at Washington University in
t. Louis, Missouri, had previously demonstrated fibrin
argeting of perfluorocarbon nanoparticles to thrombi in
itro and in vivo, with attendant enhancement of acoustic
eflectivity from the thrombus surface. In the study pre-
ented at the scientific sessions, the utility of the nanopar-
icles was extended by incorporation of a traditional
lasminogen-activating enzyme (streptokinase). These
brin-targeted nanoparticles specifically enhanced reflectiv-
ty of clot surfaces in vitro while at the same time delivering
lot-dissolving drugs that resulted in nearly complete clot
igestion. This demonstrates the potential utility of such
gents for image-based monitoring of thrombolytic enzyme
ctivity.
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November 7, 2006:1880–5 ASE 2006 Meeting HighlightsALVULAR HEART DISEASE
alvular heart disease was addressed is several sessions at the
eeting. For valvular regurgitation, faculty emphasized the
ntegrative approach of 2D and color Doppler recently
ighlighted in the guidelines for evaluation of valvular
egurgitation from the ASE and endorsed by the American
ollege of Cardiology and the American Heart Association
33). The potential role of real-time 3D echocardiography
RT3DE) with color Doppler in the evaluation of valvular
egurgitation was featured at the meeting. An important study
y Little et al. (34) from theMethodist DeBakeyHeart Center
escribed the use of RT3DE for direct measurement of the
ena contracta of mitral regurgitation (MR). The authors used
creative in vitro model to generate a variety of regurgitant
ets and effective regurgitant orifice areas. The use of
T3DE could directly and accurately measure the vena
ontracta area. This measurement can be used as an estimate
f effective regurgitant orifice area. Other investigations
emonstrated that dynamic changes of the mitral valve
pparatus can be tracked and evaluated in health and disease
ith RT3DE. Veronesi et al. (35), using novel software,
ere able to track the changes of the mitral valve annulus
nd annular descent throughout the cardiac cycle. In addi-
ion, this software was able to define the position of the
apillary muscle in 3D space. Watanabe et al. (4) demon-
trated that dynamic changes in the position of the papillary
uscles occur during the treatment of heart failure and
ccount for the improvement in functional MR.
Clinical trials of new percutaneous therapies for valvular
eart disease have been underway and will require serial
uantitation of valvular regurgitation. The E-Valve percu-
aneous mitral valve repair system (E-Valve, Inc., Menlo
ark, California) uses a clip to diminish MR and create a
unctional double orifice of the valve. The results of 1-year
ollow-up of the EVEREST I (Endovascular Valve Edge-
o-Edge Repair Study) were presented (36). Patients with
oderate-severe MR were serially evaluated with regurgi-
ant volumes, regurgitant fraction, pulmonary vein flow, and
olor flow mapping at baseline and 6 and 12 months after
he procedure. The repair was successfully performed, re-
ucing regurgitation in both degenerative and functional
R, with a low incidence of complications. Serial evalua-
ion demonstrated that the reduction in MR observed
mmediately after the procedure can be maintained for at
east 1 year.
Techniques to reduce functional MR without atriotomy
t cardiac surgery were also investigated using echo Doppler
uidance (37). The technique tested attaches a pad on the
nterior and posterior side of the LV with a band through
he center of the LV. The concept is to tighten the band,
hereby reducing the annular diameter of the mitral valve
nd therefore the degree of MR. Soni et al. (37) in New
elhi used epicardial echocardiography to position the
osterior pad and transesophageal echocardiography to
ptimize the amount of tension needed. Precise posterior aad placement was the main factor in reducing MR and led
o repositioning of the posterior pad 2 to 3 times on average.
he MR was reduced by at least 1° in all patients studied.
hese investigations emphasize the important role of
oppler echocardiography in guiding interventional therapy
or MR.
ASCULAR DISEASE
ith the increased importance of vascular disease and the
ocus on prevention, the 2006 Scientific Sessions initiated a
idactic track for vascular disease and featured original
esearch contributions in the field. In addition to the utility
f ultrasound in identifying carotid and other vascular
isease, the impact of contrast ultrasound in peripheral
ascular disease was highlighted. Investigators explored its
otential to further define vascular borders, to detect abnor-
alities of the vasculature, vaso vasorum, and filling defects.
ontrast enhances suboptimal images of vascular structures,
ncluding the aortic arch and carotid and cerebral arteries.
ontrast was used with transcranial color Doppler, a routine
eliable method to assess basal cerebral vessels and the
unctional significance of internal carotid stenoses. Investi-
ators demonstrated a marked improvement in vessel detection
ith color Doppler and enhancement of Doppler measure-
ents after use of contrast with Definity (Bristol-Myers
quibb Medical Imaging, North Billerica, Massachusetts) in
atients undergoing evaluation for cerebrovascular events (38).
Other investigators studied in vitro aortic wall specimens
rom patients with Marfan syndrome and control individu-
ls using ultrasound backscatter analysis to determine the
easibility of this technique to ascertain abnormal aortic wall
haracteristics that correlate to histologic changes (39).
everal studies integrated information from 2D imaging/
oppler and hemodynamic analysis to study the feasibility
f obtaining characteristics of structure and function as well
s cardiac-vascular coupling in normal and vascular disease
tates (40,41).
EDIATRIC CARDIOVASCULAR DISEASE
ND ADULT CONGENITAL HEART DISEASE
ongenital cardiovascular malformations. Echocardio-
raphy is well suited for the prenatal diagnosis of congenital
ardiovascular abnormalities. A commercially available
0-MHz ultrasound biomicroscopy system was used to evalu-
te 73mice embryos exposed to retinoic acid (42). Araujo et al.
42) demonstrated that ventricular septal defects and
onotruncal abnormalities were evaluated with very good
ensitivity and specificity, but the atrioventricular canal
egion was not well visualized. With a standard 3-vessel
and trachea) view during fetal echocardiography, Patel
t al. (43) diagnosed 37 aortic arch anomalies in 2,398
etuses. Five fetuses had an associated chromosomal anom-
ly (2 with 22q11 microdeletion). This rigorous form of
creening allowed for more appropriate prenatal counseling
nd improved perinatal management.
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ASE 2006 Meeting Highlights November 7, 2006:1880–5ight ventricular function. A study of postoperative te-
ralogy of Fallot patients showed changes in right ventric-
lar systolic and diastolic function parameters measured by
issue Doppler imaging (44). Jone Liao et al. (44) found that
ricuspid annular velocities, but not mitral or septal annular
elocities, correlated with troponin levels at 0, 24, and 48 h
fter repair. Further evaluation of these newer methods of
ight ventricular function assessment is needed to determine
heir role in clinical care.
Advanced” myocardial function assessment. The addi-
ion of more advanced techniques, such as tissue Doppler
nd 2D strain and strain rate analyses, has the potential to
ignificantly improve our understanding of myocardial func-
ion in the developing heart and in congenital heart disease.
he utility of speckle tracking techniques in evaluating
yocardial function of fetuses was demonstrated in 2
tudies. Younaszai et al. (45) used strain and strain analysis
o characterize normal myocardial function in second- and
hird-trimester fetuses, and Lorch et al. (46) were able to
etect differences in fetuses of diabetic mothers with septal
ypertrophy compared with control subjects.
In pediatric heart transplant patients, left ventricular
train and strain rates were found to be markers for acute
ejection (47). These parameters appeared to remain mildly
bnormal following resolution of acute rejection determined
y biopsy. In an elegant study of 19 children with hyper-
rophic cardiomyopathy, Ganame et al. (48) demonstrated
hat a reduction in strain and strain rate was associated with
ncreased wall thickness and reduced exercise capacity. They
lso showed that post-systolic shortening was higher in the
egments with greatest hypertrophy. The ability to quantify
hanges in regional myocardial function provides a valuable
ool for the monitoring of this disease process.
ONCLUSIONS
ignificant advances in imaging technology have occurred
ecently and were featured at the ASE Annual Scientific
essions. This comprehensive conference showcased how
ardiovascular ultrasound methods are integrated in the
verall care of patients and are used to detect early disease,
etermine response to therapy, and guide clinical decision
aking. Next year’s ASE Scientific Sessions’ Chair, Dr.
oberto Lang, and current ASE President, Dr. Michael
icard, are organizing an exciting program for June 16–20,
007, in Seattle, Washington. We hope to see you there!
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